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ladlatlcn-aamping    and      the      B • t a 

• • 

t 

t r o n 

By BK'JNO TOUSCHK. 

In a ah rt notice in the Physical Review Iwansnko 

and Pcneranohuk have pointed out that the effect of 

radiation daaplrg due to the oentripetally acoeleruted notion of 

the electrons would define an upper limit for the energy obtainable 

with the betatron. The genuine publication which appeared In a 

Ru z\u.  periodical was not avaailable according to the war, whloh 

uade a oonpiets reinvestigatlon by the, author necesaary. 

The statement of Z. and P. seemed at first sight objectionable 

bp ii'f two following considerations: 1) I. and P. had calculated 

as if there wac only one feleotron in the betatron thus negleoting 

the possible inilaenoe of the other eleotrons on the energy-ballanoe. 

2) The radiation emitted is looked i? in the toroid-tube, which in 

general is covered by a thin metallic layer, thick enough to totally 

reflect an., radiation with the wavelength of an order of magnitude 

ol about 1 meter. Objection 1) may easily be disproved. Instead of 

the electrons revolving on the equilibrium oircle we usy as well 

consider an assembly cf electronic oacil.-tor^ which tor simplicity 

n.y nave unrelatlTlstio energios. The oscillators nay all have x- 

direotion and th: same initial energy, while their phases be dis- 

tributed at random. Then the energy raulated in • oertain direction 

is proportional to    Zv   whore Z ia the Hertzian vec- 

tor of the system da.laed by Z    e"'x. . xK means the coo •dii.ate of 

the kth osoillatoi , which Is a harmonic funotion of ti.e. Sow ZL 

> 2 *,** • When oarryin^ out the time-average the mixed terms l^lz 

dlsa^peav, so that filially thu radiation actually emitted is propcr- 

tional to • a v  , v/hen n is the number of the oscillators conoerno.. 

Uy generalising this rejult, we .ree, that each electron radiates 

ts if unperturbed by t>e others. The efiect seems to be very simili&r 



to the shot-affect of thermions which Is also due to the fluotua- 

tlca ox" phases. 

Objection 2) however Is as yet not disproved. One mi-:ht as 

a aodel consider an oscillator In a box with totally reflecting 

walla. Since the oaolllatcr repiissats a system with an absorption 

oooffiolent | C for ".11 frequencies (according to radiation damping) 

the final state of box*oscillator will undoubtedly be a black ra- 

diation field. The temperature of this radiation will be defined by 

the initial temperature of the oscillator. Since the osslllator 

has got one degree of freedou only, whl.'.st the number of degrees 

of freedom of the radiation field is practically infinity, the oa- 

olllatcr will hare lost all its energy in the Una! state. It is 

thus certain that the walla cf the tube will not prevent energy to 

be 1:-:.- , but as yet we have not derived the order of magnitude of 

the time during whioh the exchange of energy between oscillator and 

radlntion-f ield +.s tea place. There are two other questions arising 

out of this consideration: how does this time depend on the shape 

of the box and how dc-js it depend upon the presenco of the other 

eleotroia? 

Let us pessi^istls&lly assume that objection 2) was settled 

in » i-.rt-'»itlvo sense and that the walls made no difference whatsoever. 

Then the result of Vne  classical calculations can be written in the 

fore 

(1) As   y -x  * 

Here %   means the ener^ measured with the rcat-euergy (CSlllfV) of 

the electron as u ur.it, o the velocity of llgnt, Tt   the olitaiicHl 

electron-radius (2,6.10*" om) and a the radius of the orbit oi the 

uniformly revolving electrons.  <L-,' is the energy-loss due to radir- 

tlon, the point Indicates differentiation with respect 10 tize. At 

the betatron this energy-lose muat be overbalanced by a gain of e.ier.-, 
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lae to the aooalarating •fn.ot of the ult<>r..*iiH. flax wlthlr, tie 

orbit. This tfftln of anergy haa In the extreaely relatlvlatlo Halt 

tha :ort 4 \ o<ft* & 

^ here aaana the naively (omitting tin inf luenoe af mdi.-t.lon- 

dA»i lug) attempted tMUilMiiu energy,  «*/B« t)io fre<iuensy *»f V.n ao- 

oalerr.tlng field. The u, per axpreeelon In braokata reiera to kh* 

ooraal Ob ••, when a quarter of the period in tuJcon for uooole; tlon. 

Aooordlng to iui Idea of f 1 A o r 0 • however It 1* alao poaelble 

to accolentte during one hnif of tha period. This la and* poaelble 

by eu.ntrlapoeing a oonetant magnetic flold In tne neighbourhood of 

tho eeotron orbit. Tho lower terui In brao^ota nun to thla «»aaa. 

Tho Intorn terminology of tho fidor-t ataff agraaa ueee tho v*r»« 

ooaplete O-o&ae. Tho noiaplate D-ouao allowtt for duplication Of energy 

• nd la not to bo realleed booauao of Injection dlrrioultiee. Tha 

lnooaplete D-onae tnVcea plaoe If tny  energy between SO. and 0 la 

aohloved with a betatron originally ddelgnod for a tnnulon U. • 

The differential equation ruling the nnorgy-balanoe of tho bets.- 

tron t iuo beaoaoa 

(3) 1   •    \_ \ I"-     i    £\ o 

Aaaualng the lnfluenon of tho radiation daaplng to ba aaall lta effoot 

uay - acoordlng; to (3) appear In two difforont formal a) Tha daoroaaa 

of energy lapllea a daoroaaa of the rndlua ft of tho elootronlo orbita, 

alnoo the oontrlfugal foroaa grow analler than tho Lorents« 

foroo. Thla de<«rei.ii«. of radian la roughly given Ly 

(4) l $*- 

( *\ i   cr 
* * \1t}*m>*»"t-   J It*' 

Slnoe i!.- tube haa got a finite extenalon, %Ln  eleotrona will booauao 
V - t". « 0 

Of thl J affoot hil  the  lnnci   wall  of th*  tubo.  Thla will take pKoe 

If   >.U    /a.  whan AC   lilt the dlattuiou between tha aquUlbrlua-orblt 

and tho  inner wail,  b.) Thea aoooloratlon tarm la poaltlve uurin,-, 

the aoooloratlon period. The radlatlon-dunping adiia a negatlr* toru 
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•*.*•• /    Taniah and become rigatlYo earlier than it should* It 

turns out, that thle influent »ay b neglected against the lmluance 

of a). Xt ant be taken Into taoount Aowerer, that It ioe» possible 

to ovsrooae the difficulty a) to a Jertaln degree by teohnioal deYioas, 

while b> <ie«na to be a ooiajiete apory. In their l.o. aotloe ». and 

Z.haro only oonsldered b) wV-h m* de their results rather optlnlatlo. 

MM Assuming the radttiion-damping to be snail an approximate 

integration of (3) beoouoo possible ireplacing f  by »*„ In the radia- 

tion ton)* the revult of this Integration can b-nt be e^preered an 

-. oonultloi. for the minimum fr*o.u»r.ey depui.iiing on the other det \lls 

of the design. One easily obtains 

4© (5) { (1 i >£* 
A* 

Hare f is ths frequency (u)/El( ) of the betatron, AR, the maximum 

ra&lua-ahifl admissible and B the maximum magnetic Induction with 

10.000 Gauan i.s a unit. It will bo noted, that this minimus frequency 

is approximately Stimoo smaller in the normal case than in the complete 

D-oi.s*. * TJis is vor; plausible since In the D-oase the time neces- 

sary for obtaining a certain erjrgy is nsazl twice as long as In ths 

normal cess, so that the radiation-damping whloh increases with the 

tier 0 ... fain more i: :1 ,:ice in the 2-oase. 

Applying (5) to <\  200*7 S-bet*tron, with a radius of about 70om 

(B - 1)  we obtain a cininrja freouenoy of 4f0sec '  if v\R is chosen 

3o». A normal totatror. would have ti mdiua of 140om if the some alter- 

nftti'JS nu^etio field atrnnfth was applied, which would ronder a 

aia^.via frequency of lf<0seo'approximately. 

,$ ltd*   dt a 
Phya.hev. 68,11,343. 
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